P soriasis is a chronic, inflammatory, systemic disease characterized by scaly, erythematous plaques. 1 One third of adults report onset at or before 16 years of age, 2 usually as plaque psoriasis. 3 Psoriasis can be physically disfiguring and may lead to social stigmatization and psychological impairment. 4 Psoriasis has also been associated with other conditions, such as depression, 5 obesity, 6-8 myocardial infarction, 9 and the metabolic syndrome. [10] [11] [12] [13] No systemic therapy for psoriasis in children and adolescents is currently approved by the Food and Drug Administration; phototherapy and systemic therapies have limited use because of low tolerability in children, cumulative adverse effects, and teratogenicity. 1, [14] [15] [16] Etanercept, a soluble tumor necrosis factor (TNF) receptor fusion protein that antagonizes the effects of endogenous TNF, is widely used to treat adult patients who have moderate-to-severe plaque psoriasis and is indicated for patients as young as 4 years of age with polyarticular juvenile rheumatoid arthritis. 17 Previous clinical trials of etanercept have shown significantly reduced disease severity, fatigue, and symptoms of depression, and significantly improved overall healthrelated quality of life in adult patients with psoriasis. [18] [19] [20] [21] In this randomized, double-blind, placebo-controlled, phase 3 study, we assessed the efficacy and safety of etanercept in the treatment of children and adolescents with moderateto-severe plaque psoriasis.
Me thods

Study Patients
The inclusion criteria were age 4 to 17 years; stable, moderate-to-severe plaque psoriasis at screening, defined as a psoriasis area-and-severity index (PASI) score of at least 12 (PASI scores range from 0 to 72, with higher scores indicating worse condition 22 ; PASI 50, PASI 75, and PASI 90 denote improvements in the PASI of 50%, 75%, and 90% over baseline, respectively), a static physician's global assessment of at least 3 (where 0 indicates clear and 5 severe psoriasis), and psoriasis involvement of at least 10% of the body-surface area; a history of psoriasis for at least 6 months; and previous or current treatment with phototherapy or systemic psoriasis therapy (e.g., methotrexate, cyclosporine, or retinoids) or psoriasis considered by the investigator as poorly controlled with topical therapy.
The exclusion criteria were pregnancy or lactation (sexually active patients were required to use contraception); guttate, erythrodermic, or pustular psoriasis; other skin conditions that would interfere with study evaluations; previous treatment with anti-TNF agents; major concurrent medical conditions; treatment with psoralen and ultraviolet A (PUVA), ultraviolet A, ultraviolet B, systemic psoriasis medications, oral or parenteral corticosteroids, topical corticosteroids, topical vitamin A or D analogue preparations, anthralin, or calcineurin inhibitor within a 14-day washout period before the study; and treatment with biologic agents within a 30-day washout period before the study. Patients could use low-to-moderate-potency topical steroids on the scalp, axillae, or groin.
The institutional review boards of the participating medical centers approved the protocol and amendments. Written informed consent was obtained from the parents or legal guardians of all patients, and assent was obtained from all appropriate patients as requested by the institutional review boards. An independent data and safety monitoring committee regularly reviewed all events. The study was designed by Immunex and members of the Etanercept Pediatric Psoriasis Study Group. Data were collected by the investigators, held by Amgen, and analyzed by Amgen. All authors contributed intellectually to the content of the manuscript, had full access to the data, and vouch for the completeness and accuracy of the data and data analyses. Amgen assisted with the writing of the manuscript.
Study Drug
Etanercept (Enbrel, Immunex-Wyeth), at a dose of 0.8 mg per kilogram of body weight up to a maximum intended dose of 50 mg, or matching placebo was reconstituted at the study site or by local pharmacists and dispensed to the patients in syringes for once-weekly subcutaneous injections.
Study Design
This 48-week study at 42 sites in the United States and Canada had three phases: an initial 12-week, double-blind, placebo-controlled treatment period (day 1 to week 12) aimed at establishing efficacy; a 24-week, open-label treatment period (weeks 13 to 36) to assess the efficacy of etanercept therapy in all patients; and a 12-week, randomized, double-blind, withdrawal-retreatment period (weeks 37 to 48) to examine the effects of withdrawal of study drug and subsequent retreatment (Fig. 1A) . Patient visits occurred at day 1, at weeks 2 and 4, and every 4 weeks thereafter.
The 
End points
The primary efficacy end point was PASI 75 at week 12. The secondary efficacy end points were PASI 50, PASI 90, a physician's global assessment of clear or almost clear (score of 0 or 1), and the Children's Dermatology Life Quality Index response (CDLQI) 23 at week 12 (range, 0 to 30; higher scores indicate worse outcomes). Other efficacy end points included these measures at weeks 2, 4, 8, and 16 and every 4 weeks thereafter, as well as the mean percentage improvement in PASI score at all time points.
The safety end points included adverse events, serious adverse events, infections, serious infections, injection-site reactions, cancers, laboratory values, serum concentrations of etanercept, and disease rebound during the withdrawal period (defined as worsening of PASI by more than 125% from baseline within 3 months after discontinuation of treatment). All adverse events and infections were coded according to the Medical Dictionary for Regulatory Activities. Adverse events and abnormal laboratory values were graded according to the National Cancer Institute Common Toxicity Criteria (version 2.0).
Statistical Analysis
Efficacy analyses at week 12 included all patients who underwent randomization (the intention-totreat data set). The data were stratified according to the age of the patient at randomization (4 to 11 years and 12 to 17 years) and analyzed according to the patient's treatment group. This study had greater than 90% power to detect a 20% difference in PASI 75 rates between the etanercept and placebo groups at a significance level of 0.05.
Treatment comparisons were made for primary and secondary efficacy analyses at week 12 by the Cochran-Mantel-Haenszel test, with age group as the stratification factor for binary end points, and by the van Elteren stratified-rank test, with adjustment for age group for continuous end points. 24 All reported P values are two-sided. Analyses were performed with SAS software, version 8.2, on a Sun Solaris 2.6 operating system. The significance levels for primary and secondary efficacy end points were controlled at 0.05 with the use of a sequential testing scheme in this order: PASI 75, PASI 50, a physician's global assessment of clear or almost clear, percentage improvement from baseline in CDLQI, and PASI 90. For efficacy analyses at week 12, missing post-baseline data and all efficacy measurements taken after patients entered the escape group were imputed as nonresponses. For binary end points, missing data were imputed as nonresponses; for continuous end points, missing data were imputed to have the baseline values.
After week 12, efficacy measures were summarized separately for each treatment period with the use of statistical methods similar to those used for the week 12 final analysis; however, no statistical comparisons were made between the treatment groups. All categorical variables were summarized as numbers and percentages of patients, and all continuous variables were summarized as means, standard errors or standard deviations, medians, minimums, maximums, and numbers of patients. Only patients who entered the openlabel period could be evaluated for efficacy analyses during the open-label period through week 36. Data from these patients were analyzed according to their original randomized treatment group. Missing post-baseline data were imputed as nonresponses. In addition to being included in the analysis, data collected from patients who might have received additional topical standard-of-care therapy in the incomplete-response group were summarized separately. During the withdrawal period, only patients who underwent randomization at week 36 could be evaluated for efficacy analyses. Patients who received at least one dose of retreatment therapy after relapse of the disease could be evaluated for efficacy analyses during the retreatment period. During these periods, data were analyzed according to the treatment group to which the patients were assigned at their second randomization, and missing data were not imputed.
Long-term safety analyses were based on event incidence rates, adjusted for exposure, and included all patients who received at least one dose of study drug. In these analyses, the placebo group included only patients receiving placebo during the initial 12-week double-blind period. Events that occurred during exposure to placebo during the withdrawal-retreatment period were included in the etanercept group.
R e sult s
Study Patients
The disposition of patients is shown in Figure 1B ; 211 patients were randomly assigned to receive placebo or etanercept. The treatment groups were similar in demographic and disease characteristics at baseline, although slightly more patients in the placebo group than in the etanercept group (13% vs. 5%) had psoriatic arthritis, as determined historically by the question, "Does the patient have any indication of psoriatic arthritis?" (Table 1) . Most patients (75%) were white, the median age was 13.0 years, and 36% were 11 years of age or younger at enrollment. At baseline, the median PASI score was 16.4 and the median body-surface area affected by psoriasis was 20.0%. The median height, weight, and body-mass index (BMI; the weight in kilograms divided by the square of the height in meters) were 157.5 cm, 59.8 kg, and 23.2, respectively, corresponding to the 61st, 87th, and 87th percentiles, respectively, in comparison with an age-and sex-matched population. (22 of 47) receiving the maximum dose of 50 mg (1 child and 46 adolescents). In the etanercept group at week 12, the response rates of PASI 50, PASI 75, and PASI 90 were 76%, 58%, and 32%, respectively, in children and 74%, 56%, and 25%, respectively, in adolescents. Thirty-two patients entered the escape group, and their response rates were similar to response rates for patients in the etanercept group who were treated for 2 to 8 weeks in the initial double-blind period.
During the open-label period, 62% of patients (64 of 103) in the original placebo group (i.e., those who received placebo first and then received etanercept during the open-label period) and 69% of patients (72 of 105) in the original etanercept group (i.e., those who received etanercept throughout) achieved PASI 75 at week 24. The PASI 75 response was maintained through week 36 (Fig. 3A) . Two of 10 patients in the original placebo group and 5 of 16 patients in the original etanercept group who did not achieve PASI 50 at week 24, and who were given the option to receive topical standard-of-care therapy, achieved PASI 75 at week 36 and were included in this analysis. The proportions of patients who achieved PASI 50 and PASI 90 at weeks 24 and 36 increased in both groups (the original placebo group and the original etanercept group) as compared with the proportions of patients who achieved these end points at week 12.
The mean percentage improvement in PASI from baseline was significantly greater in the etanercept group than the placebo group from week 2 (22% vs. 5%, P<0.001) through week 12 (68% vs. 21%, P<0.001). At weeks 24 and 36, the mean percentage improvements were 71% and 76%, respectively, in the original placebo group and 77% and 77%, respectively, in the original etanercept group. Figure 4 shows a PASI 75 and a PASI 50 response in two patients.
Of the 138 patients who entered the withdrawal-retreatment phase and were randomly assigned at week 36 either to continue etanercept or to switch to placebo, 94% in each treatment group began this phase with a PASI 75 response. (Fig. 2B) . At both weeks 24 and 36, 56% of patients in the original placebo group (58 of 103) had a physician's global assessment of clear or almost clear. In the original etanercept group, the physician's global assessment was clear or almost clear in 57% of the patients (60 of 105) at week 24 and in 53% (56 of 105) at week 36 (Fig. 3B) . The mean improvement in CDLQI from baseline was greater in the etanercept group than in the placebo group at week 12 (52% vs. 18%, P<0.001). At week 36, the mean improvements were 63% and 59% for the original etanercept group and the placebo group, respectively. The mean trough etanercept concentration at week 12 for etanercept-treated patients was 1614±828 ng per milliliter. Table 2 summarizes the exposure-adjusted rates of adverse events for which there were at least 10 events per 100 patient-years in the etanercept group. Since the patient-years of exposure differ substantially between the groups, comparisons must be made with caution. The rates of noninfectious adverse events (430.5 per 100 patient-years for placebo and 287.6 per 100 patient-years for etanercept) and of infections (308.3 per 100 patient-years for placebo and 229.3 per 100 patient-years for etanercept) were similar in the two groups, and all but 10 events (3 in the placebo group and 7 in the etanercept group) were of mild or moderate intensity. Injection-site reactions were mild to moderate and generally transient. There were no serious adverse events during the placebo-controlled period. During open-label treatment, one 14-yearold patient had a noninfectious serious adverse event, removal of an ovarian cyst (etanercept therapy was discontinued). In addition, a 9-year-old patient had concurrent serious episodes of gastroenteritis and gastroenteritis-associated dehydration, which were considered infectious by the . Missing data were imputed as nonresponses. All efficacy measurements taken after patients entered the escape group were also imputed as nonresponses. PASI 75 at week 12 was the primary efficacy end point of the study. P values are shown for the comparison of etanercept and placebo by the two-sided Cochran-Mantel-Haenszel test with data stratified according to age group.
Safety
investigator and required hospitalization (etanercept was uninterrupted). A 7-year-old patient with a history of asthma had a serious infection of left basilar pneumonia that was treated with intravenous antibiotics (etanercept was discontinued). All serious noninfectious and infectious adverse events resolved without sequelae. No deaths, cancers, opportunistic infections, tuberculosis, or demyelination events were reported. Three patients transiently had high hemoglobin concentrations (a grade 3 toxic effect), one before and two during etanercept therapy. No grade 4 toxic effects were seen in either group.
During the withdrawal-retreatment period, no patient had psoriasis rebound or a change of psoriasis morphology (e.g., a change from plaque to guttate or pustular psoriasis); however, one patient withdrew during the open-label period because of worsening of psoriasis.
Dis cus sion
This multicenter, phase 3, randomized study demonstrated statistically significant and clinically meaningful reductions in disease severity as early as week 2 of weekly treatment with etanercept at Panel A shows the proportions of patients with improvements over baseline in the psoriasis area-and-severity index (PASI) of 50%, 75%, and 90% (PASI 50, PASI 75, and PASI 90, respectively 0.8 mg per kilogram (to a maximum of 50 mg) in children and adolescents with moderate-to-severe plaque psoriasis. Fifty-seven percent of patients treated with etanercept in this study achieved PASI 75 at week 12; this rate is higher than the 12-week PASI 75 response reported for adult patients with psoriasis who were treated with 25 mg of etanercept twice weekly (response rates, 30 to 34%) but is consistent with rates reported in trials involving adults who received 50 mg of etanercept twice weekly (response rates, 47 to 49%). [18] [19] [20] [21] The mean trough etanercept concentration at week 12 in our study was similar to that observed in adults receiving 25 mg twice weekly. 26 Thus, whereas the dosage in our study was equivalent to the 25-mg twice-weekly dosage used in adults, the clinical response was similar to that achieved with the 50-mg twice-weekly dosage.
In studies in adults, about 70% of patients were overweight (BMI >25), 27 as compared with 37% of the patients (32% of children and 41% of adolescents) in our study (BMI ≥95th percentile of ageand sex-matched population). 28 In addition, the disease severity at baseline was higher and the duration of disease was longer in the studies in adults than in our study. In our study, patients who received weight-based dosing had a better response than did patients who received the maximum dose. However, the disease characteristics at baseline were different as well, because the patients treated with the maximum dose of etanercept weighed more, were older, and had a longer history of psoriasis than those receiving smaller doses. All these factors can confound the analysis of any benefit of weight-based dosing in this study. After withdrawal of etanercept therapy, more than half of the patients maintained PASI 75 until the end of the study. Future studies should assess whether the frequency of administration could be decreased during remission with maintenance of control.
Four serious adverse events occurred in three patients: ovarian cyst removal in one patient, gastroenteritis and gastroenteritis-associated dehydration in one patient, and pneumonia in one patient (the latter three events were considered infectious). All occurred in patients receiving open-label treatment, and all resolved without sequelae. Longerterm data are needed to fully assess the safety profile of etanercept in this patient population.
In children and adolescents with polyarticular juvenile rheumatoid arthritis who received etanercept treatment (0.4 mg per kilogram twice weekly) for up to 8 years, the rates of serious adverse events did not increase with long-term exposure to etanercept. 29, 30 This randomized, placebo-controlled trial demonstrated that etanercept was effective in children and adolescents with moderate-to-severe plaque psoriasis. The results of this study implicated TNF in the pathogenesis of pediatric psoriasis and demonstrated that etanercept significantly reduced disease severity.
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